Background-Little is known about the use of warfarin in hemodialysis (HD) patients with atrial fibrillation (AF). We studied temporal trends of AF among older HD patients, and of warfarin use among those with AF.
INTRODUCTION
Patients with chronic kidney disease requiring dialysis are particularly prone to developing atrial fibrillation (AF). (1) (2) In the U.S., more than 10.5% of adults on hemodialysis had recurrent or persistent AF in 2006, a 3-fold increase since 1992.(2) Similar to the general population, age is a strong predictor for AF in patients undergoing hemodialysis, with patients over 65 years being, 4.5 to 7-fold more likely to have AF compared with patients under age 45. (2) Patients undergoing hemodialysis are also at much increased risk for ischemic and hemorrhagic cerebrovascular events. (3) In the general population, prophylaxis of ischemic stroke using oral anticoagulation is recommended for patients with AF, especially among the elderly and patients with certain comorbidities. (4) (5) Whether patients undergoing maintenance hemodialysis with AF should receive warfarin prophylaxis is controversial. (1, (6) (7) (8) (9) (10) In addition to the effects on ischemic and hemorrhagic stroke, this therapy may offer additional benefit in terms of vascular access patency. In contrast, anticoagulation in patients on hemodialysis increases risks of gastrointestinal and vascular access site bleeding, (11) (12) and may accelerate the vascular calcification that often occurs in these patients. (6) The relationship of these risks and benefits and the direction of net benefit are currently unknown.
The existing data suggests relatively low rates of warfarin among patients not on hemodialysis. (13) Only 56% of Medicare beneficiaries over age 65 who had AF received warfarin treatment in 2002. (14) Little is known about the use of warfarin in older patients undergoing hemodialysis, especially about temporal trends in such use. We used a cohort of older hemodialysis patients who had prescription drug benefits through state insurance programs to study trends in AF and of warfarin use among those patients with AF.
METHODS

Source Population
Several datasets were merged to assemble the study population. Medicare claims of all individuals over the age of 65 in New Jersey and Pennsylvania between 1994 and 2005 were linked with drug claims data from three state-wide prescription benefit programs: New Jersey Medicaid, the New Jersey Pharmaceutical Assistance for the Aged and Disabled (PAAD), and the Pennsylvania Pharmaceutical Contract for the Elderly (PACE). The latter two programs provide generous prescription drug coverage to their residents that do not qualify for Medicaid, but who were still relatively indigent. Only patients enrolled both in Medicare and one of these prescription benefit programs were retained. These patients' records were then augmented with claims from the United States Renal Data System which provides clinical information in the Medical Evidence Form, the treatment history file, and are a widely-accepted way of identifying patients with end-stage renal disease.
Study Cohorts
From the source population, we generated 8 consecutive annual cohorts (from 1998 to 2005) of prevalent patients undergoing hemodialysis. December 31 of each year was set as the index date. Patients were required to be stably undergoing maintenance hemodialysis as per USRDS TX_HIST60 variable and to be at least 66 years old on each index day to be included. We utilized all Medicare claims from 1 year prior to start of dialysis for each participant; these data were available even in newly incident patients due to the required age of ≥ 66 years on index. Participants were also required to have had active prescription drug coverage through one of the three programs as evidenced by the presence of at least one filled drug claim in the first and the second half of the respective calendar year.
Outcomes
Recurrent or Permanent Atrial Fibrillation-Atrial fibrillation was ascertained from diagnosis codes accompanying all medical claims. Presence of an International Classification of Diseases, 9th Revision (ICD-9) diagnosis code indicating atrial fibrillation as a primary or secondary diagnosis (ICD-9: 427.3#, where # can be any number or missing) has previously been shown to have a sensitivity of 97%, specificity of 99% and a positive predictive value (PPV) of 95%-96% for accurately identifying patients with atrial fibrillation compared with chart review. (15) (16) (17) This approach has been used successfully to identify Medicare patients for the National Registry of Atrial Fibrillation, and in several other claims-based research studies of AF. (18) (19) (20) Since we were interested in identifying patients with permanent or at least recurrent AF, we required presence of two such diagnosis codes at least 7 days apart to constitute AF. Patients were considered to have AF indefinitely from the date of the first diagnosis. Dialysis patients with AF are thought to have a rather small chance for successful cardioversion and long-term restoration of sinus rhythm, albeit quantitative data on this issue are lacking. We also conducted analyses that required 3 previous codes of AF to be subsequently considered an AF patient, or analyses that required "requalification" for AF each year from presence of 2 or more AF codes in the same year.
Warfarin Treatment-From all claims of filled prescriptions, we identified all that contained a National Drug Code identifier representing warfarin sodium (Coumadin). We identified the warfarin claim that most closely preceded each index date. Using the information on days supplied in the dispensing claim, we assessed whether a patient was a current user allowing a 15 day grace period after expiration of the medication days supplied. Since almost all prescriptions contained a 30 day supply, most patients who filled their most recent warfarin prescription on or after November 16 were considered current warfarin users. Other patients with a more distant warfarin dispensing were considered past users; patients without a warfarin prescription prior to the index date were labeled as non-users.
Other Variables
From USRDS, we ascertained demographic information: age on index, gender, race (Caucasian, African American, Asian American), and current Medicaid coverage. We calculated dialysis vintage (years since first ESRD treatment) and used information from the Medical Evidence Report form on whether a patient was unable to ambulate or transfer at initiation of dialysis and on reported underlying kidney disease. Comorbid conditions were ascertained from both the Medical Evidence Form and from Medicare claims. A comorbidity was considered present if noted on the Medical Evidence Form or if one inpatient or two outpatient encounters listed corresponding diagnosis codes. Presence of certain procedures codes also qualified patients for having a condition, e.g., amputation for peripheral artery disease. A comorbid condition was considered present indefinitely, once identified. Statistical Analysis-We described relevant characteristics of each annual cohort using means and standard deviations for continuous, and counts and proportions for categorical data. We plotted the annual prevalence of atrial fibrillation and the proportion of current, past, and non-users of warfarin treatment among patients with atrial fibrillation. For the most recent cohort (December 31 2005), we used bivariable and multivariable logistic regression models to determine the crude and independent associations of each variable with the study outcomes. In addition, we analyzed data from all annual cohorts using repeated measures logistic regression models to assess the crude, demographics-adjusted, and fully adjusted temporal trends in the study outcomes using year as an ordinal variable. We also tested for interaction with time of all variables to understand any particular drivers of the hypothesized changes in the prevalence of the study outcomes.
This work was approved by the Institutional Review Boards of Brigham and Women's Hospital and Stanford University School of Medicine. Per requirement of the Centers for Medicare and Medicaid Services, cell counts less that 10 cannot be reported. Therefore, we removed all Native American patients from analysis (total N<10) and Asians and Blacks were collapsed into a single non-White race category for descriptive analyses.
RESULTS
Overall, 6563 unique patients contributed to this study. Of these 6563, 2185 were determined to have AF using our stated algorithm. The characteristics of each annual cohort, by presence of atrial fibrillation, are shown in Table 1 . The prevalence of AF in HD patients over age 66 increased from 26% in 1998 to 32% in 2005 (Figure 1) . The crude odds of AF increased by 5% (95% CI: 3%-7%) each year, which remained unchanged after adjustment for demographics, but attenuated to 3% per year after full adjustment ( Table 2) . More stringent definitions of AF yielded slightly lower annual prevalence estimates, but similar increases over time (data not shown). Table 2 shows the crude and fully adjusted associations of all variables with prevalent AF. Analyses utilizing data from all years yielded similar results to those solely relying on 2005 data, but the larger sample size led to increased precision. We found that older age was associated with higher prevalence of AF, with odds increasing by 2% per year (95% CI: 1%-3%). Compared with patients of white race, Blacks and Asians were each approximately 40% less likely to have AF. Longer duration since start of renal replacement therapy was associated with more AF, with a 3% increase in the odds of AF per additional year of dialysis. Most comorbid conditions were independently associated with AF, with heart failure having the strongest association (adjusted OR: 3.40; 95% CI: 2.70-4.27). These asociations did not differ materially when using any of the other definitions for the ascertainment of AF.(results not shown) Among those 2185 individual patients with AF, of the proportion of patients that were considered current users of warfarin in each year, as ascertained from a recent (within 45 days) filled prescription for the drug, ranged from 20% to 25% (Figure 2) . Additional 25% to 27% were past users, whereas approximately half of patients in each year were not observed to have used warfarin in the past. We observed no clear temporal trends in warfarin use and bivariable or fully-adjusted categorical analyses showed no significant differences to 1998 (e.g., the adjusted relative odds for warfarin use in 2005 compared with 1998 were 1.16; 95%CI: 0.89-1.51; Figure 3 ).
Characteristics of current or past versus non-users are displayed in Table 3 . Older age was inversely associated with warfarin use, with patients aged 85 years or more having 29% (95% CI: 5%-47%) lower odds of warfarin use compared with otherwise similar seniors between 66 and <75 years ( Table 4) . Patients of non-white race had 41% (95% CI: 24%-54%) lower odds to receive warfarin compared with whites. Almost none of the comorbidities were associated with warfarin use, with the notable exceptions of past deep venous thrombosis (adjusted OR: 2.26; 95% CI: 1.81-2.84) and pulmonary embolism (adjusted OR: 1.31; 95% CI: 1.03-1.67).
DISCUSSION
We observed an increasing prevalence of AF among older hemodialysis patients, reaching 32% in 2005. Among those with AF, less than half had evidence of warfarin use, and only approximately 25% were current users. We did not detect any significant trends towards increased use of warfarin over the 8 years of our study.
The evidence supporting oral anticoagulation in dialysis patients with AF is weak and there is concern that evidence from the general population cannot be extrapolated to patients undergoing chronic dialysis. In 2005, the Kidney/Dialysis Outcomes and Quality Initiative (KDOQI) cardiovascular guidelines indicated that the recommendations of the guidelines by the American Heart Association for the overall population should be followed in the care of dialysis patients. (4, 21) In was noted, however, that use of warfarin should be accompanied with heightened monitoring in these patients because of their increased risks for thrombotic and hemorrhagic events.
While most of the studies that formally evaluated the outcomes of warfarin in dialysis patients with AF have been small and methodologically limited, two larger studies have recently tested the association between warfarin use and the risk of stroke. One study enrolled incident hemodialysis patients of a national provider into a retrospective cohort study and distinguished among patients who had AF at the time they initiated dialysis from those who did not have AF.(9) Among the 1671 incident hemodialysis patients with preexisting AF, warfarin users had more than twice the risk of ischemic stroke compared with non-users. Another analysis using the Dialysis Outcomes and Practice Pattern Study employed a similar approach and found the risk of stroke 2.2-fold elevated among 1107 dialysis patients with AF over age 75 years who were warfarin users compared with nonusers; no significant association was found, however, among 1137 patients between 65-74 years and among 1001 patients aged 65 years or younger (both hazard ratios were ~1.3). (1) Neither of the studies observed the incidence of AF, which is when the treatment decision for AF is being made, and both studies relied heavily on existing users of warfarin. Such an approach is highly prone to bias, (22) since relevant variables at the time of diagnosis and treatment initiation are unobserved and any unrelated indications or contraindication for anticoagulation (or discontinuations of treatment) cannot be considered.
It is unusual that virtually no disease-characteristics correlated with warfarin use in our study, with the exception of past deep venous thrombosis and pulmonary embolism. These conditions are both separate and strong indications for warfarin but are unrelated to the risk of AF-related stroke. It is possible that the lack of specific evidence in dialysis patients creates a situation of therapeutic equipoise, where the predominant driver of treatment is provider preference or belief rather than patient factors. Unfortunately, our study is too small to study the importance of patient vs. provider factors in predicting anticoagulant use.
There are several limitations to our analysis. While the validity of our study is strengthened by the reliable ascertainment of warfarin use from complete prescription drug claims, but we are unable to distinguish the specific reason or indication for warfarin use such as the prevention of vascular access thrombosis which is a a non-evidence-based practice that exposes at-risk patients to often subtherapeutic doses of warfarin. Thus, the proportion of therapeutic anticoagulation for the purpose of reducing the risk of ischemic stroke from AF may be even smaller than we observed. We also do not know whether a patient was noncompliant with prescribed warfarin or whether warfarin was not prescribed in the first place. Our data do not extend beyond 2005 to formally evaluate the impact of the KDOQI guidelines on warfarin use in dialysis patients with AF. Thus, the evidence gap persists on whether the benefits of warfarin outweigh its risks among dialysis patients with AF, and our study is not designed to fill it. We are unable to study aspirin use in this population, as it is available cheaply over the counter and won't be registered as a claim. Our results may not be applicable to more affluent and younger Medicare patients as the dispensing data were only available in those with low to middle income enrolled in two regional state pharmacy benefit programs. Finally, the present study is based on data from 2 U.S. states, and its findings may not be generalizable to other parts of the U.S. or health care systems outside the U.S.
Our study mirrors findings from the general population indicating that older patients and non-whites were less likely to receive warfarin treatment. (20, 23) The reasons for these disparities are unclear but may relate to physician misperception of warfarin-related risks among these subgroups of patients. (18) We also confirmed the increasing prevalence of AF in older patients with hemodialysis, who bear a large burden of comorbidity and are at high risk of poor outcomes. (2) Our study is novel in that it reports rather low warfarin use in hemodialysis patients with AF and absence of any temporal trends towards increased use. (24) (25) In light of the increasing number of older dialysis patients with AF and the potentially catastrophic outcomes of either warfarin prophylaxis or omission of it, high research priority should be given to quality observational or randomized studies of this treatment indication in this vulnerable population. Note: Per federal research regulations, data on patients who were unable to transfer and patients who were unable to ambulate are not reported, since some cell counts were ≤10. For the same reason, Asians and Blacks were collapsed into a "non-white" category. Data are presented as count (column %) or mean (± standard deviation), unless indicated otherwise. Abbreviations: AFib -atrial fibrillation; ESRD -end-stage renal disease Table 2 Predictors of Prevalent Atrial Fibrillation Years since first ESRD treatment (per year) Multivariable model also adjusted for calendar year. Crude and adjusted associations of calendar year with current or past warfarin use are shown in Figure 3 . Abbreviation: ESRD -end-stage renal disease.
Trends in the Prevalence of Atrial Fibrillation among Older Patients Receiving Hemodialysis
